Hans Selye (1942) reported on a study in animals of the effects of large doses of steroid hormones, substances which were insoluble in water. Little effect was noted from solutions in oil given subcutaneously. To obtain a more rapid effect he tried the intraperitoneal route and produced a deep anesthesia sufficient to allow for long abdominal operations. Complete recovery followed. Many steroids were studied without revealing any correlation between chemical structure and anesthetic activity.
Observations on Steroid Anaesthesia
A Preliminary Report By R. P. HARBORD, M.D., F.F.A R.C.S., and W. N. WILD, F.F.A. R.C.S. Hans Selye (1942) reported on a study in animals of the effects of large doses of steroid hormones, substances which were insoluble in water. Little effect was noted from solutions in oil given subcutaneously. To obtain a more rapid effect he tried the intraperitoneal route and produced a deep anesthesia sufficient to allow for long abdominal operations. Complete recovery followed. Many steroids were studied without revealing any correlation between chemical structure and anesthetic activity.
Laubach et al. (1955) investigated a steroid known as 21-hydroxypregnane-3, 20 dione sodium succinate (hydroxydione), which can be given intravenously as it is readily soluble in water or mildly alkaline buffer solutions. A comparison in different animal species showed a potency equal to, or slightly less than, thiobarbiturate, the therapeutic index being higher for hydroxydione. No endocrine activity was found in animals after large doses.
Murphy et al. (1955) reported on the effects of the Viadril brand of hydroxydione in man. They believed it had "analgesic" properties because they used less pethidine and relaxant drugs with hydroxydione than with a barbiturate, but the figures for the drugs used with the barbiturate are omitted; this makes their evidence unacceptable. They state that 1 0 to 1-5 grams of hydroxydione appears to have its maximum effect for about two hours with nitrous oxide and oxygen but do not reveal how they came to this conclusion. The presence of nitrous oxide confuses the issue, as we shall presently show. They took elaborate precautions and used a 2-5% solution, injecting it into the tubing at some distance from the arm with the stopcock fully open. The transfusion needle was inserted into the median antecubital vein and the injection into the (5 % dextrose in water) drip made at the rate of 1 5 grams in five minutes. They found thrombophlebitis in 3 patients who had widespread vascular disease, but we are left to guess at how many of their 125 patients had clear evidence that the veins used only for the drug did not become thrombosed, for thrombosis is common after transfusion.
Taylor and Shearer (1956) reported on their work in animals and in 130 human subjects. In animals they show how irritating the drug could be to veins and also how an animal, deeply under the effects of hydroxydione, would react to external stimuli. In man they stated that 0-5 gram did not usually result in unconsciousness; 1 0 gram produced a deep coma, but in spite of this the patient would make some movement on stimulation which could be prevented by nitrous oxide and oxygen. They argued, therefore, that the drug was more hypnotic than analgesic. They noted the fall in blood pressure and rise in pulse-rate, and made the generalization, without declaring the evidence, that after 1-0 gram, one would expect an average adult to be awake and rational but still drowsy at the end of 1j hours. They used in the main a 0 5 % solution, giving it at the rate of 1 5 grams in from 2 to 5 minutes, into the tubing of a 5 % dextrose saline. They found venous thrombosis in 15 out of 70 patients and this they regard as the essential drawback to the use of the drug.
Howland et al. (1956) state that since deep sleep produced by hydroxydione-with evidence of electroencephalographic level four-is insufficient to abolish reflex reaction to painful stimuli, it is therefore a non-analgesic hypnotic. Increasing the dose can lead to severe hypotension. They think 1 % solution may be irritating to veins; 2j% is very irritating.
Finally they argue that many of the widely used anrsthetics can be given so that the patient has a rapid awakening without having to have a prolonged induction or the risk of hypotension or phlebitis, as with hydroxydione. We have deliberately restricted the number of patients in order to make it clear how we have come to our conclusions. We preferred to do this rather than to produce a large series with little or no data, giving instead our private interpretation of the results.
Four examples show how patients reacted to hydroxydione when the operative risk appeared to be considerable. Case I (J. H.) was a man aged 78 years who had an abdominoperineal resection of rectum immediately followed by a prostatectomy. During the 3 hours' operating time and for 1 hours after disconnecting the anesthetic apparatus, the systolic blood pressure remained above 100 mm.Hg. He had artfficial respiration, nitrous oxide and oxygen inhalation; 0 7 gram hydroxydione, 200 mg. Flaxedil, 50 mg. Scoline (for intubation), but no pethidine. He made a good recovery.
Case II (L. U.) was in poor general condition from the ravages of ulcerative colitis. She was pyrexial (1010 F.), and had developed mental symptoms shown by persistent"rambling". Her blood pressure was normal (135 mm.Hg), but a tachycardia of 128/minute was recorded before operation. A total colectomy lasted more than 2 hours and she received 0 5 gram hydroxydione, 50 mg. Scoline (for intubation), 320 mg. Flaxedil but no pethidine. She had no hypotension (80 mm.Hg). Case III (C. L.) had developed cerebral thrombosis the day after an anterior resection of rectum conducted with chlorpromazine, pethidine and Phenergan. He developed a chest complication and tracheotomy was performed. When he burst his abdomen several days later, and when he appeared to all about him to be moribund and in a state of semi-consciousness, hydroxydione was given in dose of 0-4 gram. He had no pethidine or Scoline but had 40 mg. Flaxedil, nitrous oxide and oxygen and artificial respiration. He did not have hypotension (80 mm.Hg) during or immediately after operation. He died two days later still in a coma.
Case IV(E. R.), aged 85 years, died while on the operating table immediately following an anterior resection of rectum. The heart stopped 3-1 hours from the initial and only hydroxydione injection which amounted to 0 5 gram. Almost immediately before death she had Prostigmin to counter the effects of 160 mg. Flaxedil (given in divided doses). She had 50 mg. Scoline for intubation but had no pethidine. Hypotension first developed 21 hours after the initial hydroxydione. Cyanosis of the face occurred early on when artificial respiration was applied by pulmoflator with positive and negative phases but disappeared on reverting to the manual method. At autopsy she was found to have a large pulmonary embolus.
It can be argued that similar results could be obtained by other methods but our data shows that hydroxydione, if carefully managed, offers promise when the risk to life is high.
In our small series of 25 patients, 13 were males. The general range of age in all 25 was from 26 to 85 years, 18 being between 40 and 60 years. 16 of the operations were major abdominal procedures. The range in operating time was from 20 minutes to 31-hours. Premedication was mainly (17 instances) with pethidine and hyoscine given intramuscularly. The Viadril brand of hydroxydione was given in divided doses, the totals ranging from 0 4 to 2-1 grams; 12 having between 0-6 and 1 0 gram. Pethidine was used in doses ranging from 50 to 200 mg., but 15 had none. Scoline, usually in doses of 50 mg. was used for intubation. Hydroxydione is said to have relaxant properties but Flaxedil was given in doses ranging from 40 to 360 mg.; 8 patients had more than 200 mg. It was given for various reasons: (1) to produce muscular relaxation, (2) to reduce the effects of hiccup, and (3) to maintain a state of apnoea. Artificial respiration was applied in all the abdominal operations. Nitrous oxide and oxygen alone was given by inhalation in all but 3 patients.
Induction was started in most instances with 0 5 gram hydroxydione and was uneventful; there being no struggling. The shortest period from the initial injection to surgery was 16 minutes. Two patients stated that the colour of objects had changed. One said that the ceiling was revolving, but most could not remember the period immediately after the injection. Some became more nervous after the initial injection because they expected to go off to sleep immediately. We found that intubation after 0 5 gram hydroxydione was not a practical procedure, and preferred to use relaxants to get ideal conditions. One patient complained of pain during the initial injection. Generally, the superficial veins appeared to remain about the same width as before the initial injection.
With 3 exceptions all the patients became unconscious after 0 5 gram hydroxydione as judged by their failure to respond to our shouting "open your eyes". Fig. 1 shows the examples where 0 5 gram resulted in unconsciousness. The majority became unconscious within MINUTES 5 to 10 minutes from the initial injection.
TAKEN
It appears that with doses of 0 5 gram there is b IENEC7 no relation between the onset of unconsciousness 0 5 G and the speed of the injection. We are at a loss VDRI L to understand the statement by Taylor and Shearer (1956) that 0 5 gram did not usually 0 produce unconsciousness.
In 9 patients hiccup-like spasmodic respiratory 9movements were seen. In 3 patients they per-8 sisted for periods over 20 minutes. The longest 7-period was 40 minutes. In 2 the spasms began 6 before the peritoneal cavity was opened. The .________ _ movements could be reduced but frequently 1 2 3 4 5 6 7 8 9 00 recurred.
Minutes from initial injection to unconsciousness. Changes in blood pressure and pulse-rate during surgical operations due to hydroxydione FIG. 1. -Rate of onset of unconsciousness. are not easy to analyse but in the series there were 5 with hypotension of the order of 80 mm.Hg. No vasopressor drugs were used and the hypotension lasted for more than 20 minutes in only 2 patients. One of these was the patient with a pulmonary embolus and the other will be described later. Only one patient had a transient hypotension in the immediate post-operative period. We thought that the gengeral condition of patients at this stage was better than after other anesthetics but were at a loss to know how to prove it.
The initial effects of hydroxydione on blood pressure before any movement of position and before surgery is shown in Fig. 2 which reveals a general tendency for it to fall, though not to hypotensive levels. Fig. 3 shows that this change was generally accompanied by a rise in pulse-rate which did not exceed 110/minute. Fig. 4 shows the blood-pressure change in a patient breathing air lying on his back without any disturbance by the surgeon or others. The fall in systolic pressure is marked and is accompanied by a fall in pulse-rate.
There are other points of interest in this record: (1) During the period between the initial injections of hydroxydione at 0 and 72 minutes when the Scoline was given, the effects must have been due to hydroxydione. He became unconscious at 7j minutes. He "jumped" when the transfusion needle was inserted at 8 minutes, and a withdrawal reflex occurred on stroking the foot at 13 minutes. He then continued to have occasional spasmodic movements which did not seem to bear any relation to outside stimuli, although he would move on stimulation. The readiness with which this patient moved on stimulation does not mean that this drug has no analgesic properties. Had more of the drug been given he might have remained still. (2) Note the disturbance of blood pressure and pulse-rate when the herniorrhaphy begins. (3) Note the short operation and short inhalation which in this instance was confined to oxygen. (4) Note the long period from disconnecting the anaesthetic apparatus to the return of consciousness. It would be safe to argue that the period of unconsciousness was due to hydroxydione, for he had not had pethidine. (Pethidine is generally regarded as an analgesic drug but we have observed a conscious patient to become unconscious after 50 mg. pethidine, given intravenously immediately following operation.) This patient, aged 60 years, had 1 0 gram hydroxydione and was unconscious for a period lasting 2 hours 38 minutes. Compare this response with that of another patient (see Fig. 5 ), aged 42 years, also having a hernial repair operation with 10 gram hydroxydione-this time with nitrous oxide and oxygen. The total period of unconsciousness was 2 hours 40 minutes. It looks as though 10 gram hydroxydiorne lasts about 2j to 21 hours. Fig. 6 shows the period in minutes between the end of inhalation and the return of consciousness after 20 operations. It reveals a rough correlation between the dose and the period of unconsciousness. Consciousness was judged by the ability of the patient to obey commands. In more than half the examples the period of unconsciousness was terminated within 10 minutes from the end of the inhalation. All this means is that in about half of the patients the inhalation of nitrous oxide and oxygen was terminated at periods when the effects of hydroxydione in producing unconsciousness had worn off.
It is of interest to note that 3 of those having 0 5 gram had periods of unconsciousness fairly near together. They were 1 hour 38 minutes, 1 hour 55 minutes, and 1 hour 22 minutes.
From this analysis showing the wide range of the responses it will be seen that statements about the effect of hydroxydione in the "average patient" are apt to be far from the mark.
We used three techniques: (1) 0 5 gram hydroxydione was dissolved by 50 c.c. saline (normal) giving a 1 % solution which we injected into a vein.
(2) The same percentage of hydroxydione was given via the drip saline, and (3) 21 % hydroxydione was also given via the drip saline. Where a drip was used it was our practice to wash through with a large amount of saline after the injection and also we injected 10 c.c. of saline after the drug when using the vein direct. With method (1) the veins used for the drug were palpated and found to be hard in 8 out of 15 examples. 2 out of 3 with method (3) had no sign of hardened veins, and in method (2) we found the evidence unsatisfactory. Thrombosis is a disadvantage but we intend to go on using more and more dilute solutions until a safe concentration is found. . We are at present exploring the possibility of using other combinations. In the first we induce with thiopentone and continue with hydroxydione. In another we premedicate with chlorpromazine and continue with hydroxydione.
It is our impression that hydroxydione depresses respiration. We have found that patients readily developed apncea when we began to compress the reservoir bag intermittently. We did not find difficulty in getting the patient to breathe spontaneously at the end of operation and used Prostigmin on twelve occasions. 
SUMMARY
Points from the literature on steroid anxsthesia have been discussed. An investigation of 25 patients showed how operations can be conducted under steroid anisthesia in those who are seriously ill from various causes. Unconsciousness was produced in most instances by 0 5 gram hydroxydione. The blood pressure fell and the pulse-rate rose slightly during the induction. About one-third of the patients developed hiccup during upper abdominal operations. Notes were made of the duration of unconsciousness. Thrombosis of the veins used for hydroxydione injections was a disadvantage. Our observations would tend to show that this drug offers promise and further investigation is proceeding.
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We wish to thank Messrs. Pfizer Ltd. for allocating a generous supply of Viadril, and we are grateful to Professor J. C. Goligher for allowing us to conduct the investigation on his patients. REFERENCES HOWLAND, W. S., BOYAN, C. P., and WANG (1956) (Selye, 1952) . The functions of these compounds have been only partially elucidated, and the mechanism for the performance of these functions is even less well understood. However, one of the primary values of the adrenocortical hormones is mobilization of energy for cellular work. Sayers and Sayers (1949) suggested that adrenal hormones have a supporting rather than an initiating role in bodily processes. It is known that cortisone may alleviate the pains of rheumatoid arthritis; it is known that the 1 1-desoxycorticosteroids exert a special influence on electrolyte metabolism. Adrenocortical insufficiency is characterized by a negative sodium balance. Renal tubular absorption of sodium and water is inadequate in the absence of adrenocortical hormones. This situation is seen in Addison's disease. Uinder these circumstances the volume ofextracellular fluids is not maintained, and the concentration of extracellular sodium is decreased. Osmotic forces then move water to intracellular sites. With the hypovolamia which follows, blood viscosity and plasma protein concentrations increase. Cardiac output and renal and peripheral blood flows diminish, and a shocklike crisis may ensue. Desoxycorticosterone and aldosterone are especially potent in offsetting this sodium and water imbalance. Renal absorption of sodium requires energy for transference of sodium from tubular urine to tubular cell. The increased renal excretion of sodium that accompanies adrenocortical insufficiency can be explained therefore on the basis of submaximal mobilization of energy.
Cortisone and compound F have little effect on electrolyte or water metabolism, but they are highly active in carbohydrate metabolism. A deficiency of these oxygen-containing hormones results in rapid depletion of glycogen reserves. This action is probably integrated with protein metabolism in that adrenocortical insufficiency diminishes gluconeogenesis. Administration of compound F enhances the transformation of protein to glucose. The (protein) catabolic effect of adrenal hormones can be prevented by administration of glucose or can be accentuated by insulin. It seems then that the hormone causes these changes when necessary; i.e. the action is a supporting, not initiating, role.
Since surgical procedures may involve considerable stress, it seemed desirable to attempt to obtain some measure of evaluation of the various factors involved during the operative experience. Accordingly, measurements of free plasma dihydroxycorticosteroids were, chosen as an indication of adrenal response to trauma. Compound F is the steroid present in the blood of man in the greatest quantity (Romanoff et al., 1953) , and is measured in this determination.
